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favouring a <Sesii»^ product; can be successfully prodicted. ‘^he 
nuwsrous scientific publications of the difficult and careful 
obseroations and prdehse interpz^bation of the kinetic data are 
perhaps surwit criteria of ehe!rt,st*s present interest in 
kinetics. 


A few iaportant factors ehich are helpful in determining 
the isachanistt of a redosc process, are order of the reaction with 
respect to ojcidant# reduetant, alkali or acid and catalyst if any, 
effect of ionic strength of the mdium, solvent variation, 
tenperature variation, the naodynaaic parameters etc. TOie identifi- 
cation of the reaction product is another important factor^ ^diieh 
leads to the elucidation of the motion mechanism. 




Sn (»>. Jta Clltl, ana tig iTXX) etc. Thm organic rnm^x reagents 
are » ** ClilorosiMJciHdniae, S - broaoeticctlfi&iiae, W-cbloro «- 
bensaiBiate » cS^ioraisin® •* ’X etc. 3n recent pnblicatld^* Soerfora 
ana Tipper fiave giv®i a aotellea a«s«>iiist of several familiar 
ana 1^8 familiar reaox reagents. Bertoa and cowosSears^ bus® also 
aescrlbed new redox titrants in aixstl^r pOblications. 
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. The present thesis deals vith the studies of 
<iiloramiiie ii T entidatioii of p - hj^iroxy and m - hydreney benSoic 
acids In allc®allne media using osmium tetroxide as catalyst and 
hexacfnof errata CXIX> oxMati«% of 4 » butyl morpholine and 
Morpholine butanol in agueous alk^allne madia in presence of 
osmium tetroxide as catalyst, Some eorlcs on chloramine * T 
and haocacyai^f errata CIX1> are given below. 


Chloramine T is the sodium salt of K -*chloro-4 — 

methyl foensene sulphoimndde CCHjC|,H^S 02 pr ]faol,3H20) and Is a 

very potent oxidising agent In al|ifealine as veil as in acidic 

media,^ It has b^n uBiad for the oxidation and estimation of 
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various inorganic substanoi®, The organic sulphur compoiaads 
are qpjalltatively oxidised by chloramine • T, Mahadevappa and 


p 


€X» - liforlwrs have also estlTaated large nuidoer of cospoun^, 


22-31 


They have also esti?mted rhsatuyated alcohols stjch as allylic 




alcohols^ ^ crotyl alcohol^^ and clmai*^l alcohol,^® 


■ 

■ 


Chloramine - T also re^sts with p{— amino acids, 

Chloramine - T oxidation of hydrogen peroxide 
, p - cresol'", SOM! Icetonas^ 


37 


glycerol 


38 _ ,3f 40 ^ ^ amlaoacids*^*'*^ 


* D T A*®, ana paianola^® alcobola^®, aiashya*®^*^, 

ainetltY^ snlphoxia®*® lhave bean reperfeea. 

Recently* Santapim ®t al* have stiMiea tbe oxiaa-fclon 
of cinnaaic acid crotonic acid by ©hldmain® • ¥®ry recently* 
MWiaaevappa and oo -worlcera®® have etnaied tbe oxldati^ 
glwtaraine and Sarlne by Chloramine • U, They have also etnaied 
the kinetlCB of oaciaation of aatno acid* by chlorartn# - f 
in Btel awaitim at 3i^C, The reaction shoes first order ao|»onaenee 
each eith respect to hydrogen ion and oxidant and is independent 
of tt® comentration of sntoatrate* A revl«s# with r®fer«a€ie cm 

the estliBetion ai^ oxidation Iclnetlcs of several c»aponBds by 

SI 

chloramine •* y has bman prtollshod* 

Ghloramii^ *• t mm involves a variety of kinetics 
depending niwi the natnre of srtostrate involved* presence or 
aimene® of a catalyst. Singh aiwi ccmoneiw hav® recmnty stndied , 
tiM' oxidation kinetic* of some ketcm^®** by ehloraailae - f . 

'Nidation of organic substrates in alKmlim msdimn ^ 
by h®xacyaix>f«mte llXX) has received mach attention in recent 
years dne to its cheap availability and less conbiaKity involved 
In ttm oxidation reacticms, A nnitiber of relatively fasfc reactions 
involving hexaeyanoferrate CZXX) have been studied in alkdaline 
media®***^. Oxidation of hydrasine by hexaeyanoferrate (Hlj In 
alkaline solution leads cpiantitatively to tfm formation of 
nitro^n®"^ and kinetic studies reveal first order dep^adence on 
heacacymso ferrate (111) and ^^^2 <9e>neentration. Kinetics of 
oacldation of sulphite ion by alk^tline hox^uyanoferrate (HI) 




Ga1:aliw®d pioceae®® find thair 

mm In sfn^afcic woifc* Thm hOit)ogaiMK»ualY Ga-talyaed biological 
saacticaas aia otill pwtfcii^ cballai^a t© ociantlsTt** A aery 
liiterasting aM affaebiv# catalyst for tbe oxMaticai of organic 
oo«poim<to in aolwtion i» osiaiiiim t^troatiCe, Qriage# «ho»ad that 

the reaction involved a» GMAnai (fl) int#rffl»dlate iflhieh can foe 

AS 

ieoiatad in many cases. Solymosi studied a itimfoer of sul^strates 
tBSlng hexacyanoferrate (HI) as an ootidant in presence of oSiR^un 
tetroxlde as catalyst, but no kii5»tic ' result was reportaid iMitil 
1%6. fteehanisw of oo«*lUBii tetroxide catalysed oxidation of 







■hav® tf&en sttwaarlsad anS gtvan below. 


I ill Boit.h react iOR» ebon first order dopei^eiwse oa eacb 

®«tb«tE®te» £•©• p-hydKMKy bemole acid and a •bydrcocy 
bensoic e^id. 


Ciii) l^be rates of oxidetlcwi of |»— b^paroxy and a —bydicoxy 

b®fi»>ic acids were foond to show lowers© proi>orticmality 
witb sodica bydroxlde eoncentration* 


(is) Sol^ OKidatiof} processes showed first <• order kioeties 


with respect to osndtim t»tro3tide. 







T (Gl®> in mXkSatline iwftainiB using os«ltMi 


ic.2 

Thm rate law(l3 is In agreeiaant with ^cperiraental findings 
k - Ic ^ and Ic o s*» velocity constants of ste-ps of the 






(▼i) *the r»actioa rat«» ar© sarlcadly enliaiicad b^f iris® In 
t®aparatu£®* 




deri'wd is given below * 


Rate - *1 Ic Ki K2 [' @^ O^"] [s^ [oh] 


i^ere ® • nniitosir of mol®* of Iwnt^^aTOferrab® Clil) uequiiwd 
to QQciSis® sBolar concfmtratlon of tbe »«teotrat®* Ic is volooity 
<»nstaiit for rat® ^terming stop and ^^^2 ®** egulllbriw 
constants for stepi Inrolwed In tbe scsbema* Rat® law (2) is In 
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MKfBRmM AND 



il^faeot3» solutiosiB of p-lifflraxy Isonaoic acid and 
Si— hydroxY b©n*oic add of A*R*iB»D*M»5 saatplos weia preoauod 
In SUSS A«B#Cb#D*h 4 weffelmmil itai^aid solntlon of aodiisw hydro- 
xide waa ©W:aiiwid by diasol^inf lS*WejKs3c proanalysl sample In 
boiled doable distilled water ai^ was standardised by titratinf 
it against standard soltrtion of oacalic eeid nsing pbenolptbalein 
as indicator* 




S:i88ol^iR<7 a -weigbad qa®i?.t:ii:y of idia aemplfW 


f!i® of €»rte anlptiat;® was pr®pa*B<S by diasoMog 


grad® safaple la t H •• sali^aric acid Ci%*R*8#D«H#) 


solctloB. 'Bbe e&fio salpliato solution was standai^iaod against 
standard solvit ion of iferrons awaonioa snlphate 0 *R*Cs, Marcic) 


using ferroin as a rsdbx indicator. 




I # i-} 
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•Ell® x®<piistte of standard soltrtioti* of 

fiotasaiw li^caeyamforrat® sodiiw# hydroocid® aiwl oaaiim 

tetiEtsacldte w®r® <»lE«n in a ctmical stopiJei^d bottle afrfi watrw ■ 
min-tained in a tberaoetat ifltli ®ai acctiracy of * ©♦!%, Tlwa 


in tb® same thenaostat vhen tbe soltitlone of botb bottli^ 





•tolctiicaietric eqwatlons cotild b« repraeentea m glvmi '^•y&lox^ 




/‘=«2 

6 

♦ 

18 f® 

♦ 


tm Mottgmr, 
Mcyttger, 

2. Bishop, f 
J'eimiiigs, 


It 


C«, 


€»„ 


»^CII„>,CH-CK 18 OH* 
2 3 2 


18 F* ias) 


> 


cat)* • # ch2<3h<<3M2^ 


com 


com 


^ 1© HO 

M 


BIFIRIHC 


K St!^ 

w 


s S. Anal.Che».7©, 225 U©27) 


* awS 


t Talanta, 1, 187 Cl958) 
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mimfim or p » hyproky icip 

BSr C3IIi0i»MIH5 » T .... 











20 



TJ^BK 3, 

si ' . 



?««|3erat:itre 

30® 


[ottl - 

0,8© at 10“^ », ] 

^ -2 
jjp>»HBa^J • 1,80 X 1© M 


[o»o«] - 

3,2® X 1®*® n, [ 

» 1,00 X Iff^ M 


TiinB in 


ad of tifpo 

solution |2«003cltf‘^) 




4«&0 

3.42 

2 *^4 

2c32 

t.M 

i*4® 

X» 34 

i.ii 

0.96 


2@«03 
2@. 10 
27. i6 
27.98 
27.48 
28.00 
27,60 
27,76 


Jlverag® Tain# of »* 27.78 at 1®**^ hAh**^ 



ml of tiypo 
solotioH 



1,00x10' 



'w&ltm of 


27, B2 X 10 “^ 



Tiim in 
mifitstie 



»|i' I " ' ' 

/ 9%me in 

ml ®f lisyi>o ] 


' ratiwfc® 

solution (2,00 X t©*%) 



l*8©xl.O ^ !!, 


It Is quite obe^ious from the lesults of above table 
that first “ or<ier constant _ i.e. k, valnes are sensibly 


T, ^his show 


that order of the reaction with respect to chlorarain® - f is 


one. 



Tme(minuie )~ — ► 

/"p- W547= f-80 X lOr^M, [0s 0^] ^3^20 x 
[NaOHf = 1.00 X Temp, 30‘'c 

rCATj = O.BO (A) y hOO C3)j hZOCC), T60(p) 
• 2.00(E) and 2.^0xrO-^M(F) 












Xn thia saefeicai, 1: little studies to Investigate 
the dependence of the reaction rate on the stdbstrato 
concentre tyte on have been made# In order to do so# the mt® 
study laeasureraents wre carried out at various Initial 
cKsneent rat ions of the reductant# keeliiiig the concentration 
of other reactant# fixed. Here also# in each tsible the ■ 






ml of hfpo 
solution (2.00 3C 10' 


Time in 
raint^e 





: 2t 



■mim 3.t 




Temperaturm 30® 



[CM?} « 

1,00 X 10*^ M, [p-Hm] 

« 1,40 X 10*®ll 



3*20 X 10“® M, [saCe} » 

1.00 X 10*^ M 
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of 3*3 •* 3*32 3 ts ^1^® 

followlfsg %0&1®, 

yjkBis 3*13 

I^Cm'] » 1,00 X IQT^ M, [®«®4] * 3,20 K 10**^ M 


I^WaOP] * t,00 X 10* 


T«»ip®rattis@ 3© 


Tp ™ HBAj X 10 


k,10’ 


k«l0^ • k. 





2 

%.3.2 t[CAT]^V00tfO^^Sf, fQsO^J^ 3-20 
[NaOH]- %00 y Temp ■ 30*C 






th® n» 51 u?« cosstant In all ©xparlMents in tbi« aection 
Eesnlts a» gi’ren in tl» following table®*. 
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•SHmM 3.14 



Tewpera'tnse 3©® 


Tcm] * 

1,00 X ttr^ «, - i.i® 

X 1©*^ n 

[o.o^l - 

3,20 X 10“® M, [SaCIil » 2,50 

X 10*^ M, « 

Time in 

ml o£ hypo 

k.xlO^ 

lainute 

eoltstlon (2,00 x 10”®W) 

X 

0 

S,0D 

mm mm 

% 

6© 

4,66 

11,73 

12© 

4,34 

11.81 

18© 

4,08 

11,28 

24© 

3,76 

11,77 

300 

3.50 

11,87 

360 

3,22 

12.20 

420 

3.00 

12.15 

480 

2.82 

li,©2 






\^m 





f;' 

@ 

S.W5 

•98»' )8iW» 


i' 

60 

4* 2© 

29,06 


|i:. 

120 

3*16 

28,21 








%m 

2*t6 

28# 53 



24® 

2.50 

29.00 

■ '1 


300 

2*03 

'29 #'2® 

I 


36 ® 

1*78 

28,1© 



420 

1.5® 

28,61 



480 

1.24 

29.00 



Aireraq® valm 

of * 28,71 X 

10*^ 

















Tabl® la 
rairmfce 

al of hyi^o 

eolation (2«00 x 10“^I3) 

kj X lO^mivT^ 


5,0® 

• - 

6® 

3.74 

48. 34 

12© 

2,82 

47,88 

18© 

2, 14 

47,09 

... , 1 

24© 

1.68 

45.23 

300 

l«2i 

45.37 

360 

0.98 

45,22 

42® 

0.88 

45.58 



4 © 


result® o€ tables 3.14 - 3.18 are sutanarisea below. 

fmiM 3, if 
Teiaap® rat tire 30® 

[cMpI- 1.00 X 10*^ M, [pi -Hml « 1.80 x 10"^ M 
[o O -1 • 3.2® K S, 


,80 X 10"^ M 



-J^ perosal of albcw® table indlca-tes that on increasing 
the alkali concentration the valtM of first ~ orfler rate 
coiwtant Cl.e. kj) laacreasee. Also the value of (second order 
constant » 1C|_/ ) decreases with the increase in alkali. 

Thus the first - order rate constant with respect to alkali i» 
TOl®a ©life, yor determining the dependence of the reaction on 
alkali, a graph beHptfeen Icn^ and log was •„ plotted 

(Fig. 3.3). A Straight line with a slope of — ©.‘^Shas been 
obtained, which shews that ordter of the reaction with respect 
to alkali is nearly laiims ©ns ( -ll. 


MMm If 3r?5««w^^ 
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In tills sectiOB# mt atfeeflipt lias foaen urade to 
«totenid.na th® owiar o£ the caaction with i®»o©ct to ossaiwi 
tetroxid©* III order to do so, warioos experliaents were 
perfoxtaed at various initial coiKsent rat ions of osadim tetroxlde 
Imt at fixed TOTWsentration of all the reaHaininci reaotants* It 
was observed that first — order constant (i*e«tj^) value Increas*^ 
with the inereas® te osmltini tetroxide concentration. Hi® 
siMBiarised lesnlts are qlven in the following table. 


t k j X 10^ liio*'^ 

^2x10 


mol©*^ 1 











Eijlp'hata solution) on reactic^i rat® have been reported: 


of the medims, 



Einetic r«siilts obtained in sater - nathanol ; 
Hdxfcnres of different conrooaltions and at fixed, concentrations 
of other reactants ere giwn in the following table* 


Me m 

% CvA> 


4 $ 




This section deals with th® effect of tomperatnxe 
^rarlatlon on tl» reaction rate* Experisnents at conetant 
concentrations of all reactAnts have been i^rforras^ at 
25,30,35 and 46®C, teanlt at 3©^ has already h«®n reported. 
The following tables present tl^ ‘kinetic data at 25# 35 and 
40®C, Thece data hmm been utilised in calculating the v&lwm 
of energy of activation,!.-. ti c?f 


Tim in 
minute 







fiw® la 
niaixt# 

«1 Of hypo 

«olurt:lois (2.00 X 10“%) 


0 

5,00 

- - 

60 

4.00 

37.14 

%2Q 

3.22 

37.52 

186 

2.60 

35 . 86 ' ^ 

240 

2.08 

36.00 

300 

1.70 

35.48 

360 

1.32 

35.24 

420 

1.10 

35.12 

480 

0.f« 

34.86 




•smm 3.26 


TmB^TBtxacm 40 

icuffl • 1.00 X 10-V [p-HB^ * urn X icr^ h 

[o^o^ * 3.2© X IOT^M, [MaCH*] « 1.00 x 10*^ M 


TIhb in 
min'ut.e 


snl of hypo !c xlO^rate*^ 

sol txfcioni 2.00 X 10 


6 

5.00 


40 

4,12 

48,36 

80 

3,38 

48,90 

120 

2.^ 

4S,2S 

160 

2.36 

46,88 

210 

1.86 

47,00 

250 

1.60 

45,53 

300 

1.20 

47.51 


Avsrag® ■’B'alti® of Ic^ * 47*49 x 10 ^ 

Th® rosolt.* of .tables 3.34 -* 3.26 and tabla 3.2 
haire been, stiwaarlsed in table 3.27. 








In ord©# to eslcnlate the ■ralu® of enes^gy of 
activation i.e* i5S, a graph bstweeii log 1c and -^1: was plotted* 
Th® slO'pe of the curve (Fig* 3#5) gave the vain# of «^®/2,303M 
according to Arrhenlns #<|nation 


thus calculated was found to b® 


9,20 K cs.l/rmle 









!■ 





Ti#® 


ml of hfp© 
•olttfcion (2,0Oad.O‘*‘%) 





M; 

I' 

• 

if 


tmm 4.2 


^eiBD®ratwre 


’ ’[ciffiT « 0.80 X 3 . 0 -^ [HaCK, 

Jm-Hml w 1,80 X M, 


3 . 20 x 10 *^ 


Siine 

Cffinate#) 


ml of h^fp© ^.-li . v ■>ciO'*’nlii 
soltai^ion (2*00 x 10 1^) '"’1 


4^.-1 


5.00 


4.28 


3.44 




2 .i 0 


2.26 


1.82 


1.64 


1.36 


^erag« of Icj ® 26.63 x lO-^inte"*^ 


25.92 


26.43 


26.88 


27.20 


26.44 


26. S5 


26. St' 


27 . 1 ® 


m 


"'S: 





27*l^iO ’ate 
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Timm 

Cinin'ote®) 

ml of hyp© 
solution (2*00 3c 

• 

0 

7.®2 

-- 

66 

6,60 

P 

26*34 

12Q 

5.66 

27.34 

166 

4.82 

26.93 

246 

4.63 

26.92 ; 

360 

3.43 

26.86 

366 

2.94 

26.43 

426 

2.50 

26.86 

480 

2.63 

27.18 


5# 



TABT-g 4.5 


Time ■ 


mSES 4,6 


UeiBi>er«tuE« 3®^ 

[CiSrl « 2.4Q X Mf |^Wa®f1 •• x 10 M 

l^ro-HBlG » 1,80 X icr^ M* ^ 


Title 

CiniBiitee) 

Ml of hypo 

% 

solution i2«00 X 10 R) 

ICjXlO^iiiii"^ 

0 

12*60 

eW' 'Ml* 

@0 

10*22 

27*12 

12© 

9*04 

27.91 

180 

7.76 

27*08 

240 

6.50 

27.02 

300 

S.62 

27.08 

3€0 

4.30 

26.86 

420 

4.00 

27.36 

480 

3.42 

27.06 


■m4 *»«1 

Sw®TB^ value of 1c^ •* 27»tS xl# itln 

The lesul'ts of above table as®' swaoa t 1 sefi Ib Table 4«7* 



In o»3er to, fnrt-.ber, confirm the depenaence of 
the jteaetlon on chloramine -T, a plot of log <a/a«*3i ) vs, 
time wa® drawn (Table 4.1). h straight line passing 
origin CFig.4.1) was obtained. The slop® of the cnrve gave 



Tnin 


;0 mo JW •fou 

Time (minute) - — h »»- 

Tj^ 0>80 X fO‘^M,[NaOH] - 1-00 xW^M 
0^] ^3‘20 Im-HBh]^ fSOxfO'^M 









folloirinci 








Tmm 4.S 






TomtperatwE® 30® 


> 


[ cat! 

• 1*C^ X 

i®** w, [wamj m 

1.00 X iiT^ m. 


t 


• 1*20 X 

M, • 

3,2® X llJ® M 


1 

Tinjc 

Casinu't©®) 

lil of byp® « 

©olutioii «2*00 X ler^H) 

X lO^udiT^ 


1 

■ 0 


5,00 



j 



4,48 

1S,2S 



t2© 


4, to 

16,77 



ISO 


3,7® 

16.72 


V • 

240 


3.32 

17.05 


1: : 

300 


3,®2 

16.7i 


1^: 

360 


2.7S 

16,4^ 


i 

: 

42® 


2,5® 

16.72 


i 1 

4^ 


2,25 

16.6® 



Ave«^ valwi of Ic^ » 16*®3 x 10*^wiii"“^ 












CnifiMtittfll 


soltttion la,®§x 





*!!P«p«ra1;ui» 30"** 


[cm] «• 1.00 X 10 "’^ 

[MaClll * 1,00 X 10“”' 

»*.F!Ba1 • 3.4© X 1©*^ «, 

[O^O^l - 3,20 X 10“”' 


Cmtn«t©»3 

wl of hypo 

®©liitionC2.00 X 1©”®n3 


0 

5.0© 

«•»» 4WW 

30 

26 

52,82 

60 

3,i4 

S2,m 

®0 

3.1® 

52,80 

12® 

l.'m 

5t.2f 

ISO 

2.44 

Si# IS 

lio 

i,§® 

52. eo 

240 

1.40 

52,®S 

300 

1,06 

51.68 


’val’t» ©f 1c|^ *■ 52*20 x. 1.0 ^hLk 


Tbe r«S 5 ilt:s of tabloe 4»8 - 4.12 ar® stifwrwriswfi in 


Tatol® 4*13 



isVi -ri* 









olytained at 30 


nl of hypo 
aolut ion ( 2, OOjcI©""^®) 


Tiiae 

iminutemh 











i7 


ttmm .t>ti 


' »«iap«ratii»8 30® 
|cJi,T } 1. CXJ X 10*^ M, [saCIll 

« 1.80 * l«r^ M. 


1.00 X 1©*^ w 


3.20 X 10“® H 


.'^■jsrag® valtj® ©f ■> 2§.4i x 


Tiati 

ImiButedi) 

ml of hypo 

soltttio© C2.0O X 10r%f) 

kjXlO^wiii*'^ 

© 

5.00 

m» mt 

€0 

4.18 

29.82. 

120 

3.§i 

28.1© 

130 

' ^ 2.9© 

2®.7t 

240 

2.S0 

28.« 

300 

2.^ » 

2f.52 -i 

3i© 

l..i 

32.37 

420 

1.48 

29.00 

480 

1.22 

29.35 





Tia® 





fimm 

imimitmm} 

ml o£ liyp® 

•ol^ftion (2*^ X 


;i 

0 

5*®l 

»sm «®k 

1 

5@ 

4.7® 

10.31 

J 

lat 

4.38 

11.02 

' 'h 

1 

18© 

4«<^ 

11.56 

1 

24® 

3.78 

11.86 

1 

3 ®Q 

3.52 

11.69 

1 

3«® 

3.26 

11.92 

1 

1 

42® 

2,8® 

12.31 

p 

48® 

2.78 

11.26 








effect: of 


1 taole mla 


A perusal of ^ata of table ,4*20 laaicates that tbere 
i® direct piopertiooalitf between the csoneentratlon of 
tetrcociat and first - order rate csonstant* showingir thereby 
first •* order Icinetics witls resimct to oswiWB tetmxlde* ftwi 
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s®coik 3 or<§®r rate constani: l.e» IC2 "V^altias given lu 
last coluiwi of above table are altfsost constant# wblcli 
ftir«ier indicates first - oraer dtependence on osmitim 
tetroxiae concentration, A plot between Icj valttss an^ 
r ® ® straight line with a slope ««|«al to 

(1*15.4.4) which Is quit© nearer to the values qtmn In 
3 rd coltiwn of 'show table. ’This conflrt«s that the order 
with respect to tetrcsci^ is one. 



■ -In laost of t\m it. has hmm obssrvsd that 

the reaction Is inflnsnoed by increase in the concent rat 1<»* of 
salts a^<9»d to the reaction jaixt«i». Ai^itlon of salt# also 
incrsaaes th.® ionic strength of -tiie laadia whose effect cm rate 
of the jrsaction gives some ti'Seful information refiuired for 
identifying the natnr* of reactive species, the restilts obtaiiwd 


of suitable aaount# of KaClO^) are given In fable 4*21, 

TMm 4*21 
fea^ratare 3Sl® 

- 1,00 X 1©*® «. [lla(»C] » 1,00 X 10**2 n 

• 1.80 X 10"* M, “ 3.20 X 1©*^ M 


PidJ « 

Ionic Strength 

A(H) 

Icj X lO^min" 

0,0 

0i>ll 

26,60 

0,20 

0*21 

26., 5@ 

0,30 

0,31 

26,61 

0,40 

0,41 

26.62 

0,50 

©.51 

26,56 

0,60 

0.61 

26,63 


It is evident from the results of above table that 
1® no significant effect of ionic strength variation on 
v®l<x!ity i,@# jceaction velocity remains unaffected hf 



Itiimtlc data obtained at varloxts laethasMjl" ^ter 


mixttiJPBS' are stamnarised beloii* 


•ShmM 4,22 


[cia?l * um K io"^ n, [afecMl • i.oo x lo*^ n 
* 1.86 X ler* «, [0*^41 • 3«20 X IfT® M 


ToBipejraitofe 3 ®^ 


Methanol 


k- X Id^adln*^ 





4.7 pwmmimTjm cr EgyscT or VAEmfiow p » 
sTO^afCHAMiiiE concEimayicM m mmTios mm 

1Rii« aectlon reports the Icinetic data ohtaiiwd at 
■earious initial coocwitratioi® of p — tolnew stalphonaraide 
(one of the reaction pmdnct®) and results obtained are gi’wn 
in the following table* 






TOBIE 4.23 




B 

[cjffi] 

» l.OO 3C M* [Ham] «• 1.00 3C 1©"^ M 



» 1*80 K 10*^ M, ^ 

■ 


feaperature 30®C 


|tSa5 X lo'^M 

KjXlO^ialn*^ 


0.0 

26.58 


0.25 

26.62 

' B 

0, 5© 

26.60 


0.7S 

^ 26,59 


1.00 

26.61 


l.S© 

26*62 


2.00 

26.Sf 


It is otw^ious from the abow 

table thet ▼alues 



reimin alaost constant at all concentrations of p - toluene 


culphonamid® * 



sBapTiCM mm 


Time 

(miimtee) 

ml ©f Ih^po 

soltition (2,00 X 1©*"%) 

kjxl0^i9la*^ 

§ 

5.00 

• - 

§§ 

4 •4® 

13-31 ? 

120 

3.S2 

20.28 1 

1 

180 

3.42 

21.11 1 

I 

24 © 

3.02 

21.01 

■■ 

300 

2.6® 

21.S© 

36® 

2.32 

21.33 

420 

2. ©6 

21.16 

500 

1*68 

22.07 





^olun» of'hy|«3 



w 


•smm 4,26 
T®i«peratiis» 48® 

[cm! « 1,00 X 10"^ M, [Krnmy •' 1.00 x 10*^ M 
« 1,80 X 10“^ M 6 * 3*2© x 10*® M 


Tlia® 

(minutes) 

Volume of hypo 
soltitionC2,0© X 1©*^®) 

kjXlO^rtn""^ 

© 

5.0® 


6© 

4,04 

35.54 

12© 

3,24 

35,18 

IS© 

2,6© 

36,34 

24© 

2.14 

35,37 

300 

1.7S 

. 35,58 

3S0 

1.42 

34.f7: 

420 

1,14 

35,2©: 


Average valtie of » 35,45 x 

The values of first - oir8®r constants ototatned In eStxwe 
tables and Table 4,t ar® stifflmarised In tbe following tabl®. 


iliiSiiiiii 










CHAPTER V 

«a» -#»#»» «»»• •awe m- 

K1»T1CS or QSMXIM IgTROgClDE CATAligSEP 
OKiDATiOH eg 4 * wom* mMm&Lwm m 
gaxh-Lim lEsagY^ogERiwfE (ml 








5« 1 g fUDY €F ElPEd? Ci* VhKINSZOS OF I TIT}] lOH 

m mhcsicm mijocm 

In tihifi •action, an attawpt "has been irode to iiweati^fate 
tbe order of the reaction t»itb jrespect to hisxacyanoferrateCllD 
ion. In order 'to do so, the -reaction bas b^n studied at 
concent rat ions of bexacyanoferrateClH) ion by keeping 
concentration of other reactants and results obtained are 
presented in the following tables. 


TABI* 5.1 


Temperature I©" 


[ k, »• (CM)gl - l.OO X 10”® «. [KaOH] -7.50x10* 

4 - Butyl noroholln,]- l.OOxlO"* H, l0 0^3 - lS.60xl0-« M 


ml / min 


0,00 


0.56 


0 ,^ 


1,14 


1.46 


1.82 

2,16 

a.'M 

3.42 

4.10 

5.32 


flisrerage ko val\» . 

i - — i ; . . , ,. . »1 

tei _ ko X • 


10 , oo * 

6.40 

5.40 

6 . 4 © 

7.20 

6.80 

- 6.00 

6.60 

6.80 


Tiiws 

(ndnnte#) 


Yolum # 

(§.4xl0“^ in ml 



of tihe on liexacfatto 


a fJeBD 


coBceni: rat lorn# At tJia tottoa of thm tabl# val 


^•aro^-ora^r rat.« constant kfc C -5:^ ) lias l»en giveii 

of standard mro order ra^ Iks) calctilats 








msiE 5.3 


Teiip^rattsre 30® 

'[■K^F^(C!l)g'l « 1.34x10*^ M, 

TOrphollne] • 1.00x1®“^, 15,S<hci0*®M 


» 7.50!xlO*^ M 


TilR® 


FoltiniB of Ceric stilphat® 
C®.4 X IfT* lO in aa 


X 

X 10 
At 

Ml/min 


0 

0.0® 

im mm 

5 

®,s® 

10.00* 

10 

©•82 

6*40 

IS 

1« 16 

6.@® 

20 

1.48 

6.4® 

30 

2.18 

7.00 

40 

2.84 

6*60 

50 

■3»50 

6*60 

60 

4«14 

6*40 

70 

4,78 

6«4® 

T 

7.12 

■mtf 


. ■ « 

Airerage ko ^ali^ (neglecting*) • 6.58 x 10*‘'*ail/siis 
k« « ko X SA - 12.37 X ir® iiK»l@ llt*^ rtLn"*^ 



m 


’smm 5.4 

Teraparature 30® 


X «. UHaCIfl « 7.50 x 10*^ M 

[4-Btit^l morp^iolin®^ • l.OOxiOr^M^ [o O.*] wl5,6«bcl0*^ M 


Tlia® 

Csnimit®) 

Voltiwe of C®rlt stilpSiat® 
Cf.iOxlCT^il) in ail' 

— X 1©^ 

nl /nd ii 

@ 

O.tHI 


5 

0.56 

11.20* 

1© 

0.88 

6.40 

2© 

1.54 


30 

2.18 

6.40 

40 

2.80 

6.20 

50 

3.50 

7.00 

€0 

4.1® 

6.60 

7® 

4.82' 

6.60 

8© 

5.4'i 

6.60 

T 

.8.34 

-- 

Ivaraqe ko ■raltie liwijloctiiK^r*) •6.55 x 

l0“^al/ffliii 


k» ® ko X 0/V « 12.31xl(r^i8ole llfc-^Biiii*^ 
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tmm 5.S 

1f«ipe*atMse 3@® 

• 2.00 3S 'tKaCwD » 7.50 se1O“‘^ M 

t4-lutTl morpholin^ • 1.00 ac [p^O^ m 15.6© x 1@*®M 


Tin» 

(liiMt®) 

IfoltEa® of Ceric solpliat® 
C9.40X 10*^) in ml 

^ X . 

mmm,.mmm«mm ^ AW 

ml/nin 

0 

0,00 

«. • 

s 

o.% 

11,20^ 

10 

0,^ 

6,80 

15 

1,24 

6.0 

20 

1,56 

S • 

25 

1,33 

6.40 

35 

2,52 

6.40 

45 


6,6® 

so 

4,18 

6,66 

80 

5.44 

6,30 

10© 

6,72 

6.4© 

T 

10.64 

*• mm 

m " — , 

Avmmcm 3co valt» Caaglectingf*) « 6.52x10"^ ml/min 


lE® * Ico X w 12.S6xl©*^ «KdL® llt^^iilii"^ 


i ■„ . . ■ J 



Table s.c 


Teyn^e.-Ysdzo^'id^ 

(CS>g3 • 2.5i X t,l!aOH'J « ?• 50x10“^ 

[4-lt3fcyl raorpholiii^ m l.oo x lir%, * 15.6® X 


Tttm Volnim of Curie e^lphate ^ ^^2 

{minW:&) (9,4Qxl©“^l!) ia ail 

al / «in 



!&#>• 

- - 

s 

6.58 

11.66 

io 

6«^ 

6.86 

is 

1.24 


26 

1.58 

6.86 

36 

2# 241 

6.66 

46 

2.92 

6.86 

S6 

3.58 

6,66 

86 

S.62 

6.^ 

♦16 

7,56 

6.46 

T 

13.30 

- - 

. Awraq® yalae 

Cii»g1«ctlnq *) » 6.66x16"^ lal/ain 

k- * X SA * 

, m , 0 

12.40*10*® aol® 

lit*^ min*^ 







m 


tmm 5>7 

TwiperatUE® 3©® 




• 3.34xlO*^«, IHaOl} » 7.50 x 10"^^^: 


n 


\4 Butyl morotToline] w l.Of) % ICT^ n, S> O 3 « 15.6©*® M 

S % 




Tim® 

(iflimt®®) 

Volume of C®rle sulpliat® 
<2.00x10*% la ail) 

S w . 

— ^ »• 10 ^ 

: ‘ 

ml / min 

© 

0.®© 


5 

0.30 

6,00 * 

1© 

0*4© 

3.2© 

15 

o.st 

' 3.2© ' : 

25 

O.fO 

2.8© 

i 

35 

1*22 

1 

3.2® 

50 

1«@3 

3. ©6 

7® 

2.2i 

3.00 

ioo 

3.12 

2.80 

135 

4.12 

2.86 

175 

5.32 

3.00 

T 

ft '*Sl£ 

O n 


A^®ra'?® 

Icq iralu® < neglecting*) * 3.02 x 

lO"' ‘ 

m, , : , @ 

31 S/V m 12,08 X IGT® aiol® llt*"^ 

raia“^ 




(_4~Sutyl moroholln®. 


It i® clear from the results of above table that k 
values are aliaost constant at all Initial concentrations of 
hexacfenoferrate (lH)# which sh€H?s that reaction follows 
*exo •* order kinetics in t^^xacyanoferrateCS^D • 


CGM)^ X 10^ M 

k_Cf »eai k^^xlO® 

w %?■ 

laole lit*’*'«ls*'^ 

k Cgraist leal ) sl0® 
mole lit^^win”^ 

0.82 

12.48 

12,50 

l.OO 

12. 3 1 

1«2#43 

■ 

1.34 

12.37 

12.87 i 

* 

^ ii» 

1.66 

12.31 

12.45 

2.00 

12.26 

12.5© 

2.50 

12.40 

13,75 

3.34 

12,08 

' ' I w 

13.15 


Re mainin g[f <3 Fe(CN)6] x 10 



9 % 

In ossi«r to, further, confina the order in tatidante, 
graphs bet^feen reraeining LHexacyanoferrat® (Illljand tinai imm 
plotted. Straight lines (Fig, 5*1) %«re obtained, the ©lop® of 
^ich qmr@ "k^ iralx»s, h perusal of values from graph recordi^ 




5*2 STIOT Qg EWmCT OF VAimTICW CF [ 4 


vELocmr 


This section deals with the dependence of oxidation 
of the snlMtrate by hexacyanofenrate (HI) ion in al’kalln® 
raedi® in the presence of osmlnsi tetcoxide on 4 - butyl tisorptiollne 

"■ i 


©ncent rations of other reactants constant. VhB reatilts obtairwtd 
TS recorded In the following tables. 


'Jti 

■ 


TASI* 5.9 


T«iperattit» 3S* 


|__4-Bntyl morphollTO] » G.86xX0'"^St* /^NaOnJ » 7 . 5 Q 3 clO**^M 

lKjFg(C!l)gJ * 2.©0 X 10*^1!, “ 9.45x10**^ 


Time 

(winntes) 

xolmm of ceric salphate 
(9,40x1©*%) in ml 

^ t 

ml / min 

0 

0.00 

* * 

5 

0.44 

8.80* 

10 

0.6© 

3,2© 

15 

6.75 

3.00 

2© 

0.92 

3,40 

30 

1.24 

3 . 2© 

40 

1.54 

3.00 

SO 

1.S8 

3.40 

70 

2,56 

3.40 

100 

3.52 

3.20 

140 

4.72 

3.00 

T 

10.64 

■m' 


Arera<|e It yalm (neglecting *> » 3.20 x 1©**^ 

* ^0 * S/F » 6,2© * 1®*® s«>l« lit*^ fain*^ 


H 


■ 


■ 




fi 


Teraperatu®* 3!^ 

- B«tyl morpholir.al « x 1©*^M [HaOnJ *» 7*50 x 


S.OOxlO^^M, * 9*45xlO"^M 


Time 

Cminixtes} 

V@lvn»8 of Ceric ®«lphat© 

(f .4® X 10*^ ?0 in ml 

-fi X 10^ 

At 

ml / min 

0 

0.®0 

- 

5 

0*4@ 

f,60 * 

1® 

O.iS 

4*00 

15 

0. @3 

4.00 

25 

1.2i 

3* 80 

40 

i.@4 

% MM 
## 

m 

2.fS 

3*8© 

im 

4*14 

3 • 85 

14®' 

S*S8 

3.60 

200 

7*f8 

4.00 

T 

10*54 

m# 


j%sr@ra«ja 1c^ value (except; * ) * S.OOxlfO ^ ml/inia 

¥ a 7*24 X 10“® iwl« mlnT^ 

. ® , ... 









Voli»e of ceric stjlp'hat® 
X9. 40x10*^ m 5 in ml 


Tii!» 

C mintit.®) 


mmmqB valtae of k (except* 5 « 6,38 x 10"^ ml/rain 



wotT^olisieJ « 2.©0 x 1©“*^ M, t!IaC10 « 7,5© x lO**^ 


IMreraga valw of "k^ (except ♦) «■ 7#40 x 10*”'^ ml/min 


!SOl« lit 


Tim© 

(minutes) 

Volun® of ceric sulphate 
(©•4© X 10*^) in »1 

9 

X 10^ 

^t 

ral/i»iR 

0 

O.OO 

, 

5 

0.72 

14,60 

1® 

1.10 

7,60 

15 

1.46 

7,2® 1 

20 

1.84 

7.60 1 

30 

2.58 

7.4® 

4© 

3.3® 

7.2® 

5© 

4.04 

7.40 

65 

5.16 

7,46 

80 

€.2® 

7. 4i 

100 

7.74 

7,3® 

T 

f ' • - , — i - •- • - . 

10.64 




Butyl laorplioliiie] « 2.5® x 1®*^ M, [WaCnJ « 7.5 ®k 10*^M 
F CCN)^1 - 2.00 xlO^M, t^oD ® 9.45xlO“®M 


VoluTO of eerie aalphate 
C9.40 X 1©“^M) in !sl 


1 ? 4 »® 

(winutes) 


(except *) « f.40xl0"^!«l/iaini 


1 



^4-ButYl momholii^ « 5,00 x l<r%, {;SaCH J « 7-SC3xiO*^M 


"IfiTie 

<nilnwfce) 


'W&lvmm ©f C«rlc swlplwt* 
(9,40xier^M) in ml 


Airmnq® valvm (except *) * 19,38 m l©**^ ml/min 



m 


Tlie lestilts of tables 5.9 to 5.15 aie s'uiwiiaris®?^ in th® 
follovjlrm table. 

•smm 5.16 


IIC3F^{CSI>P « a.OOxlCr^M, • 9,45*10"®! 

^SaOH 3 » 7,50 X 10"^ M. Tea^ratuie 35® 


C4-Btatyl rBOSpbollnel x tO^ 

It. (from k JxlO®, 

• o 

mole 

^in"^ 

0,80 

6.20 

7.7S 

1.00 

7.24 

7.24 

1,25 

8,98 

7. 20 

1,66 

12.03 

7.24 

2.00 

13.91 

6,96 

2.50 

17.67 

7,07 

s.oo 

36.42 

7.29 


trate’J 



nun 


Butyl morphoLineJxIO^M ~ 

J = Z-00k 10~^M, iOs04]^9-^5 YfO 
0)i10 ~^Mj Temperature 









reactants.- The resnlfes are gliren in tables 5,1? <- 5.21 


« 2,6© 3C ir*^M, L»aOH3 * a.SxlflT^ n 


Time 

(lainutes) 

?^olume of c«rle snlphat® 
«9.4xl0*^M> la mi 

X lo’ 

ml / min 

© 

©.00 


5 

©•4© 

8.00* 

1© 

0.52 

2.4© 

20 

0.74 

2.20 

3© 

©.98 

2.40 

45 

1.34 

2.40 

60 

1.68 

2.2® 

90 

2.4© 

2.4® 

120 

3.16 

2. S3 

15© 

3.9© 

2.4« 

180 

4.62 

2.40 

T 

10.64 



i©a 



'4 • Biityl 3- 2,00 x 9,45 x10“’ M 


VoliifflB «E 'c«ric s^tilphate 
(9.40xlC*^M )iil ml 


Tiwi 

Cminut®s5 


M^erag® valti® of It- («3c©ef|>t *) » 4*90 x IfT* ml/miii 






isrerag® value of (except *} » 9.85x10*“^ ml/mte 

k*. * 18«52 X ICT"^ laole lit**^ 
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Volu!tss of ceric sulic^at® 
(9. 40x10*^ M) ia ml 



•smiM 


5 «fl 

Tasaperature 3S® 

tKgF^(CM)g3 * 2.00 X [KaOH^ « 15.00 xl0~^ M 

^ [4-B«tyl morpholine^ * 2,00 x 10**^ M, 9,45xl0*^M 


(minul:®) 

l^olnrae of ceric 
<8.40 X 10"^M) 

■ sulphate ^ X - 

X 10'® 

■xil mJL ^ ^ 

ml / min 

0 

0,00 

«jag» 

s 

1.24 

24*30 * 

10 

2.00 

15.20 

IS 

2.74 

14.30 

m 

3,5© 

15.2® 

25 

4,24 

14.8© 

3S 

S,74 

15,00 

45 

7,24 

15,00 

60 

9.46 

14*80 


10,64 


Average 

valne (eKcept ■*) 

• 14.f7xio"'2el/ialn 

®* 28,14 X to"*® mole, llfe*^ wln"^ 






hole Lft^ min 



Fig. ^-3 I [KsFeiCN)^] = 2 .ooxlo-^M, [0, 
[4 - duly I ynorpholine2 ~ 3*00 x ft 


i« obt©iiie«3. The slope gives f iirst - or6l«r constant; 
which res®!^les well with tlw* walnes given In 3rd 
coltiTO of Table 5,22, Tills .first order dependence of 
the reaction on sodimm hydroxide Is established. 





£ 3 ^ 


h pertisal ©£ data c©fit;alii@d in tb® last 
coltiim of tabl® 5,2f sHsws that first — ordsr constant 
(l.e* w ) art almost ©<Ma start showing ® 

first * ora®r de^wmience of th« ra«5tl©n on osmitw totroscidov 
This is ftart!»r confirmed by dicing a graph between k^ 

■9^alt»s and ^ straight line <Flg,5,4) passing throtsfh 

origin oanfirm# first order in ©sailiim tetroxide. 

TflBlg 5.23 
Teiiperatiare 35® 

[KgF^ CCHjgJa 2.00 X 10“® «, [m&mJ • 7.50 X IQ-^H 
|_4-.Bntyl HK^roholineJ » 0.80 x ro«0-j^* 4.70 xlO*® H 




0 0.00 

5 0.42 8 

10 0.52 2 

15 O.it 2 

20 0,72 2 

30 O.tt 2 

Si ■ 1.38 2 

80 ■ 1.08 ■ t 

125 . 2.f0 2 

200 4.42 2 

280 €.62 2 

To^ 10.44 

toe rag® \ walne I except •» 2.0x10**^ ml/miii 
k_ «■ 3*84 X lOT® iK>le . min'*^ 








Tine 


Voltaw of Ceric sulphate 
(9.40 X Isr^M) In ml 








FoltMW! of ceric stilphat® X 
(9*4C^lfr^ M) in ml TT 
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ThmM 5.28 


CCH>^ .« 2.00 X [m&OfiJ m 7.50 X 10*^M 

4-*ajtyl morphollnsj ■ 0,80 x 10 "^M *[’0 Oj« 28,00xl«r*®M 




X14 


Th® ueamlta of tables 5*23 to 5*28 ate stinraatised in the followlnfr 
table*' ' ' . , ' ^ 

msL^ 


» 2*00 X [mmj • 7,50 x io*^it 

1l4-lirt^l iion>h©llne3:xO*8© x 16^2 n. Temp, 3^ 



k. X 10® 
e 

180 I® llt^^min*^ 

k^xl® w ■ 

1%%^ 

4.7® 

3,84 

8,17 

9.45 

7*43 

7*86 

14.2® 

11. Of 

7,76 

19.00 

14.74 

7,76 

23.5® 

18.33 

7.80 

28*00 

22.t® 

7.82 




add itiofs 


lafeyl la-orpholin*"} * 1*00 x 


lit «lfi' 


A partaal of abore table show* that th«x» is 
ect of Ionic strength on the reactlcss rata* 











A B ^8’43 K Cats I mole 


(l'0,31-0) 31-5 32-0 32-5 

Fig. 5.5: [K 3 Fe(CM) 6 ] = 2-00x10~ 
CHa0H]^7’50x>0-^M,[‘ 






■ H«r@, th® WBaction has been stwiied at: 35,40 and 
45*^ » ^he reaction has already been studied at 30®ia secticsi 
S.l, The results obtained are suswnarised In table 6, 31 when a 
graph is olott^ between log k_ and (1/T), a straight line with 
m slope egual to - 4^1/2,36311 ie? obtained in accordance with 
JIrrheniias eqmtion. 


4 - Butyl TOrpholin^ • 1,60 x 10-^M 


mole lit" mill 


The yalue^of energy of eetiwatlon calculated from the 
slope C « d E/2,303R ) of the curwe (obtained on plotlrlng a 
graph between log and ^/f ) coites out to be 8,43 
K cals/gK^le (Pig,5,5), 










HEXIICyA»€FERW»il|i> 



of th© Kwactlofi itfitih respect to the oxidant. In order to 

■mm rewstlon hm been studied at varies concentrations of 
the oxidant keeping the concentration of other reactants 
constant. The resnits are gtmn in tables 6,1 to 6.7* I'i’*'® 
prwious chapter in each table k^ values C ^ 5 

Iseen g tven In the bottoiB of the tables • 


•PUBI* 6*1 


Tei^ratwi 36®^ 


Tk W CC») « ©.S® * l®*^«. [,Ka^3 - 8.®® » 1®"^»« 

l_ 3 e o-J ^ 

[Moi^oltne batano^ * ^ 1®“^* r®s®43* 15,75 x 10 M 


Cainntes) 


Voltaae ©f ceric snlphate ^ 

■ A . — " X lo 

(4.00 X lO^fDin ail 

al /rain 


0.00 

1 , 2 ® 

1.69 

2.14 

2.3® 

3.44 

4.12 

4.94 

5.80 

6,66 

7,5® 


60.00* 

16.00 

15.33 

16.50 

16.00 

17.00 

16.4® 

17.2® 

17,2® 


vali» of k^ (except •> • 16,45x1®*^ wl/ain 




VoluTO of ceric sulphate 
( 4 . 003 s 10 "^M) Ib ral 


Time 

i»iB\it«s| 



120 



-l ^,2 . 

MorphoUri© b«t«Bo3.J » 1,00 x 10 M, 



Morpholine bwtafiol 


Volume of ceric eulphat* 
C9*40 x !©**«) to ml 


Tim® 

CwlButees) 


l^erage value « 7.2ajtl0"* ml/inlii 
k m 13.62 X 10“® mole 


122 



Morpholine butanol J *• 1.00x1©“ 


of e»rlc sulphate 
C9.40xl0*^ll) in wl 


Tiiae 

(minutes) 







Morpholine 


Jfcrerage It* velis® lejceept *) » 3.44 x 


U » 12.94 X 10 Dsol® lit »ia 




125 



' ** 8,00 X 10*%» ^ I?«°43 

j^otphollmi® bulfcaiso^ * 1,00 xl0 


h pB^rt^al of Saba bIkjwh 



[Morpholine Buianol] ‘J'l’PrO(J = 15-75^70 
[NaOHJ^ 8-00 kIO-^-M, Temp. 30 

r/<.Fo(CN)!]= 0.60(A), 1-00(8). h^SCC), Z---’ (0) , 

2.50(E), 3.34(F) and p-OO'f.lO^^M (S) 










TO ?!0R1«0LI1® BXffmca, 


Here, an attempt ha» been niade to ascertain the • 
exact order of the reaction with respect to the redncinf ajent, 
3« order to do so, the inaction has been suttided at varlotas 
Initial cone® stbjcat ions of inorpholln® butanol at fixed concen** 
traticsi of all other reactan'ts. Here, all also th» concent ratio' 
of the jcednctant have been kept cofaparatively larger than that 
of hexaeyanoferrate in order to allow the isolation method 
apollcable* The resnlts obtained have been given in Tables 6*9 


r;K3F^<CH>g3 • 2,00 X Itrx tV-i? 

I^orpholine bntanolj *• 0,8© x 1® 


8.00X10**M 


Volnme of ceric salivate 
(9.40 X In «l 


TlJW 

(n^ntites) 


3 , 94x1 ®*''^!iil/rai*i 






m 8,®0x1Q**^ 


Volurae of c®r4e stilphat® 
(9.40 c in ml 


(eiccept *5 » 6.02 x lO*"^ ml/min 


13 © 





Voltswe of ceric sttlp-ha-te 

<^X 

• X 1©^ 



(§.40x10*^11 5 in ml 






Wtl 




lO.OOyrlO^M 


S.OOjcIO 


Voliima of ceric siiloha-t® ^ X 
t9,4©xl0~^) in ral 


Tim® 

(minutifts) 



|^K3^^(CHlg3 • 2.00 * 10** V ^ 10’*®M 

|^Morpholir« bwtatiol3 ■» S.OO x =* 8*00 xiO*’^M 


Volam* of carlo sulphat® 
{9.40x10**^ M) in Hi 


Tira® 

(minute) 


ml/rain 




'[lleCwJ » 8.00 X icr^ M. Te!tper45txJrQ 30® 

I^MorpboHne btitanolj K 10^ lO'^’xIc^ 

M 11.1.. 


[k bJ^ l^toipholtn® butaB©: 


M permml o£ data of tabl© 8.15 indicates that on 
increasing totitaml* th® k rain® incxeasas in direct propor- 
t tonality showing thrnmhy first - order kinetics with respect 
to isO'Xpholtn^lsntano fhm constant walw® of kj^ (obtain® d on 
diiriding k^, val'oes by ][M©rphollr» bntanoi^ ) given in 3rd 
colntsn of abor® table aleo oonfirtius first - oi^r dapendhine® or 








6,3 pggg wniftTioii or oigpiR eg MMCTim ware msmes to smim 

H?Si0Xl3>E 

— ^ "'In ore»r to find oat th® dapsndanc® of ttj® reaction oa ■ 
sodtes "hYdnoxld© concent jrat Ion* th® reaction has boon etiidied 
at verio^23 concentrations of sodiara hydroxiiSti 'keeplnti th® common 
tratlon of other reactants constant. It has been obserred that 
the reaction follows fiiost order kinetics with reso«ct to sodlw 
hydroxide, The results are giwen In Table 6«l6 to 6,21* 


Tewperatur® 

* 2.0© X 10*^11. I Warn] m 2.00 xiir^M 
I^Homholin® btitano^ •* 1*00 x 1©**^M# *" 10*00*1®*^®1 


Volume of ceric sulphate 
(0,4@ X 10*^ 10 in 


Ttee 

Cirdnutoe} 


1.20 X ICT^ Htl/iBiii 


" I 



foliine of ceric sulpliafce 
(9.40 % l«r% 111 «l 


e valtM of Ito K&xcsipt 
4,473tl<r® «>1«' 






[^Iterphollne btatanoi] « 1*0& x lO*^, 


Volra(» of c«jcict sulphat® 
(9.40x10*^ M) in ml 


^im 

Cmlnue&os) 
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* 2.00 X lO*^ m, [saO 
IjSotpliolln® btitanol3 • 1»00 * 10**^ 


^©liixna of c«ric sulphat® 
49,40 X 10"^ in mi 


7ii» 

(raintjfc®) 




(ClDg*] - 2.00 ■ 10" V [jlaOH^ • 12.00 x 10"^ M 
Moroliolin® butanol] • 1,00 x “ 10,00x10’ 
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Tb® r®swlts of table 6,16 to 6.21 anfl table 6*10 at® »«iwMiri»®S 
in table 6*22 given beloii* 


[^ICjF^CCRjgl * 2.00 X 10’ 

l^orpbollne bntanoij » 


ineeeao® In direct |>3Poporticnality with 

wblcb proves tte 


Indicates that ks vsluei 

the increase in sodlnw bydroxlie concentration, 
rr;acti#n is first order with respect to soditrm tiydrosci^* j 

desta contained in 3 id column of above table are almost constant ; 
sbowing* further* first • order dependence on sodium bYdroocide 
concentration. 

In order to, further, confirm the denendenc® of tl» 
reaction on sodium hydroxide^ a graph betwe«a bs valt^s aiw3 
sodium hydroxl^ concentration ^rais plotted, h straight line 
n'SBing through origin is obtained CFlg,6*3)* The slope of tisi • 
eurv e is 1.12 x idtich proves that the reaction follows 

first - order Tsinetics with respect to sodium hydroxide 

coiMsestratioa* 
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QMIPM lETHOKaDE 


In this saction, an attempt ms »®®n raao* 

Mnft the aepeiidence of the ceaction bets#«eii iw>n»»oline hotaraol 
miA ^lexaoyaJioferjcate (Itx) on oamlnni tetEoxia®. To achieve this 
ete, veriona eatoerimants have* bean peirfor’.'iw^. at diffeseot initis 
concentrations of oBralnia tetroxid® ana th® results have be«i 
recorded in tables 6.23 to 6,27. Tt ha® been observed that the 
reaction follows first order kinetic# with respect to o^lnm 
tetroxM®, In all tables in this section morpholine butanol has 

been referred as M»B. 

i?&3IE 6.23 




Volume of ceric sulphate 
(9.46x10"^) in ml 


Tljae 

Cwliiutes) 


1,94 X t0**siil/»in 



Voluffl® of c®rtc swlpliat# 
($.40 X in ml 


iwdaixitms} 


ir8lt» («xc0pt *) - 3.iS X 10-^ ^^1/mln 

,92 X iOT® ’woi* 








ml/Klin 







10*33 X 10* irit/min 


laoile 





butanol]^ 1.00 


6.11 : [hfe(CN)i] 
[MorphoUno 
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The resalte of tables S.tt to «.27, table S.4 atia Table 6.^0 
aj» siaawarlsea 14 the follo«»li»| table. 


Thmm 6.2i 

« 2,00 X l<r^ n, [waOMl * 8,00 x IfT* M 
• 1,00 X IflT^ M, T0a|>aratmre 30®C, 


■ ■ 1 


. ks X IS® 

li k, • 

m 

mole lit*^»l»*^ 

♦ pm, . . 0tm . 

, w 



mLtT 

4,00 

1,7® 

f,2i 

4,S© 

5,ft 

9.1® 

19,0® 

8,98 

& tt£l 

12,50 

11,64 

9,Jl 

15,75 

13,62 

8,64 

29.06 

17.75 


24,90 

19,42 

8.99 


It !• cleat f EotR the leeelt® ef elEUPW iuifflJEe tl5®t 
of above tgid.e that lej_ valu»« are nearly constant , ehowing . 
first «* order di^>endonce of the reaction on osiBitim tetroxlde. 
The above experimental finding mee, fnrtlwr, confirmed 
l!^ plotting a graph betseon ks values and concentration If 
oeislum tetroacida {yig,6,4>, A straight line with slope eguel 
to 8,8® JE iO**^ «ln*^ '*?as Obtained, ehlch shows that the order 
with aspect to osmitaB tetroxide is one. 



ifsmwtMhTtos eg* SFCTCT car loii g og...zls 

mpim m m.fCTim ..«ie« 

In lac^t of th® Inactions towic atww^th variation 
seen obaervBta to «ho« warlte.? effect oo reaction yafc«. 

, in this aectton an effort ha« been tmdm to inW%m 
sffect of ionic strength of the wditim on reaction smi 
affecting the wrl'-^tion in ionic strength, suitable 

nte of potassium chloride «s added to the reaction 
, - . * <t»*vsT« In a cc»*oli‘ 


'Tems^rature 30 

K,» «»)-■] - 2.00 * 10-^ n, [BaOH] 

[worpholine but«noll w 1*00 xlO M# 


10,00x10 



®,0O * M. • 10^00 X 10 

Umlinm biatanolO * 1<.O0 x lO*^ W 





I 







H 

1 





Tfii fffiwatfai 





A £ « 1^<15Kc<!il/moh 


Fi^S-5 I [K^FeiCNkJ = 2.00 xtC 
[Os O4] = JO- 00 X 






pmSIiiSICSIl 



cber? 


In third atsid fourth chapter®, alicaAin* 

<*,lore«>lBe T 1»» b«®n ™ 

tatroxld* oscidatlon of para - 
and »ta - hydtox? baft^oic acid (» - » 
chapter®, allcallue solution of heaacya 
need a® an oscidant in o*«iia« t®timidi 
of 4 - butyl aiorpliolln® 
aia^^ter, an atte«pt ^uld b. «de to l 
schemes through ®hiai reaction® would 
i»M« €e»r these reactions vjould be der 


*7,1 op CggCtM tSIflBgaSi CfetM»T88P gl Si^Tigg 

or p * Hm hm m * urn m hmhhim s owsim ob* 

cHLomiMpg « t : ' ' ' 

The laain Iclnefeic leeults castainefi Ip above raentioi^a 
title reactions are given below, 

CD Both reactions show first order dependence on 
chl®ra*ine • *3? Cc.*ff|, 

CiD »obh reactions follows first order kinetics with respect 
to the aiibstrate Ci,®» P •* HBfe ar^ la *“ H0l^) • 

Ciil) Inverse first - order with resect to alkali is 
ol»B»rved in both cases. 

Civ) Both reactions exhibit first - order kinetics with 
respect to oswlnia tetroxlde. Sl#ee both reactions 
follow siadlar kinetics, the raechanism for them Is als® 
expected to be senie* Considering abcw® kinetic data, the 
imchanism laay tm derived as given below. 

In alkaline medlnBi, the hydrolysis of chloramineJT 
gives the following species^ according to theegtjationsCl) & C2> 


Tjg*r,33aCl t H^O 
CChT) 


T s.iiCi t sraCH 

" s 


T K.HCl + HaCH 
S / 

(CkSP 5 


■T MH» * WaPtS 

0 1 


( 1 ) 

( 2 ) 


It is evident frexa alx>v« that the oxidative 
properties of chloraiatne - « to alkaline media may be d«e to ^ 
.AlorawliMi -T (CAT) itself, p - tolneiss snlphochloramide CCAff) 


or hypoAlorlt. Ion <C10' ) anfl any onn of then* can roaet 
with the molecnle of hyarony hannolc acid in the rate 

aatermiiilBg atap* 

mmt if bypochlorlta ion U*®. oci) i® po«ttilat«d a» 
the main oxMSoitog ®peeie» t2ien the rat® ^t^rmlnlng #t®p 
rmst Involve an Interaction between nentrel molecule of 
hf^xoocy ben*®ic acid and negatively <iharqed hypochlorite ion. 

This wonia fegnire positive dielectric effect. Bnt experimental 
dbservatton in this regard does iK>t show significant effect of | 
dielectric constant. Hence, possibility of hypochlorite j 

as the main oxidising ispeeles of ehloramlne - T is completely | 

. 

h perasal of «m <1> ^2) reveals that the 

concentrations of C»f and OCl are governed by HaCSH ^ 

concentration. The relative concentrations of CM? and <3C1 
will, increase while that of CAT will dscreas# on increasing ^ 
the concentration of sodina hydroxide. Tlie experimental 
hlnetie data show a .^crease in the rate constants. On j 

Increasim concentration, whidh rule out the possibility 

of either CAT or CIO** being the Min oxidising species. It is 
thus clearly established .that CUE Is the main reactive species 

■ ■ . 2* A 

in the rate determining step. ' 
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following roscfetoii BChewa i» aiKjg®st®<3 oTi 
ba»i» of abow •tabements and klnatlc T 99 uVtmg wbac® S 
i» fhe sisbatrata. 


TsS-H^l ♦ H«© — "^fs H.HCl ♦ WaCH 
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■ Il l' l l ' iiii' i i i ' ^ Int-S nflsd la t® (SL I 


X- -¥ 




^ 3C 2 

slow 


fast 


i^rodhieta^ 


- • (ill) 

- im 


Th®' rat® of tho roactioii Is gl^n by ot®p (111) and oan 
be «>cpr®saea in toraw of disappoaranc® of dhloramln® - T(CAT) 

as gtwen balow* 


a LtS^T 
dt 


- - 


P^HQA- 


I4l 


lAtLttiia 


ing 


n# 


fronf-^/in C3l 


it-a+icUr] 


(5) 



* rarfiSent. fhe*!* 




oirdsr of till® reaefelon with r®8p®ct to h«caeyaiiof®n®ife 
®t«ISIl5 wa® ohseewmS to ls» »®3 Pb 1b both eases. 


Both the reacti<»is f©l,loi«»i first - order kiBeties with 


respect to the siibstrat® i.a. 4-8(i®orpholiBe or 
iaorpholiiie btrtaiiol. 


order klisetlcss with 









ailfbritita in alTcalin® nwMfiitM is possllsl® ois 


tiair® baaii lnfc«^ 3 E®i:«€ ai»«3 a aMMslianiaiw ha® fe««n «t3gq«®l:®S foT too^ 
3 c@actiott® as ■fehas® ir®#C'fci<Mns follow sliallas’ lcii5®^l<ss« 


^Wh«r® S is wither 4 - lyatyl wosiilwaline or i^ri:iioll!ie batamol 




15S 


Thm rat* of oxidation in tarras of eonatai^lon of 
hojeacfanofarrat* (HI) s«iftit b® writtan as «<in(2> 


^ Lt. cc 


1 - 


mm 

hav® 


considaring tb® •qnilibriwB staps (I) and ii>, «« 


(Cl 


K% i» 


<»fj 


and 


* V^2 


mcp ( 1 ) can now to® «ritt«n as ®<pi(5> 
with the \mlp of ©gns (3) and (4) 




KSml 


♦ lC,1 ♦ K2[C3^1 


( 2 ) 


#r 


Cc^Csl tc*r] 

r« mml ^ 


or 


C=,l 




'] 


(3) 

(4) 


(5) 


(6) 


consiMrlng e<in» w® bas* 

Kg l^sl Lctdiif^ (VIII)J “f 

tecoraing the rat. of o^Matlon vonW be .xpr«.a.a 
-a I>.(CH)/' « «x*. ts]M C°° . 


dt 


1+ ,, ♦J'aisl] 


— (7) 


( 8 ) 



4iF®(cii>^ 2 k Cvin)! 


21c K-Kj ^ IVIIILI 


*I?1toub jjH'fc® l®w Cl6} s®is jLsfsdjssiril'y sstplsiH® tli# 

! v<t 3 at:lt 2 a in oxidation of 4 - btityl woroholine afid 
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